By modeling technical noise and grouping exons that originate from the same isoform(s), 1 5 SCATS achieves high sensitivity to detect DAS events compared to Census, DEXSeq and 1 6 MISO, and these events were confirmed by qRT-PCR experiment.
utilized in layer II/III of neocortex as compared to the flop exon, whereas both exons were 8 0 equally expressed in layer VI of neocortex. To evaluate the exon usage quantification of SCATS, 8 1 we estimated cell type-specific exon-inclusion level of the flip exon. As shown in Fig. 2a,b , the cell class than MISO, demonstrating its higher sensitivity in detecting splicing heterogeneity. were classified into three sub-clusters. To further assess the accuracy of SCATS in profiling 1 0 8
splicing heterogeneity, we treated these qRT-PCR based clustering result as ground truth and 1 0 9
asked whether SCATS can reveal this sub-clustering structure from its detected DAS events. These results demonstrate the high sensitivity of SCATS in detecting DAS among closely 1 1 5 related cells from the same major cell class. Additionally, we generated a sashimi plot using IGV 1 1 6
to validate the detected DAS exons by SCATS. Supplementary Fig. 9 shows the empirical 1 1 7 evidence of a DAS event at the flip-flop exons between Sst-Cdk6 and Sst-Cbln4 for gene Gria1,
which is consistent with SCATS (P = 0.018).
9
Although designed primarily to detect DAS events in full-length transcript scRNA-seq data, classes and 47 sub cell types. We performed DAS analysis on 1,826 marker genes (3,542 exon 1 2 5 groups) for these nine major cell classes across the 47 sub cell types in this dataset. Since UMI 1 2 6 counts were consolidated from non-UMI reads, we compared read count distributions between 1 2 7 UMI and non-UMI data. Not surprisingly, splicing informative read counts in UMI data are much 1 2 8 sparser than non-UMI data ( Supplementary Fig. 10a,b) , making it challenging to detect DAS in 1 2 9 UMI data. However, by exon grouping and appropriate statistical modeling, SCATS is able to 1 3 0 detect DAS even with such sparse data. Fig. 3a shows the heatmap of the proportions of the Fig. 10e , exon-inclusion levels showed more distinct patterns across cell types 1 5 1 for gene Gria1 than total gene expression. ScRNA-seq data offer new insights into alternative splicing at cellular level, which helps us to 1 5 3 understand cellular heterogeneity with higher resolution as compared to bulk RNA-seq data. which utilizes informative read counts at exon level to achieve high sensitivity in DAS detection. By grouping exons that originate from the same isoform(s) and modeling of technical noise, 1 5 8 SCATS aggregates spliced reads across different exons, making it possible to detect splicing 1 5 9 events even when sequencing depth is low. With the increasing adoption of scRNA-seq, we 1 6 0 believe SCATS will be well-suited for various splicing studies and offers additional insights 1 6 1 beyond total gene expression analysis. This work was supported by the following grants: NIH R01GM108600, R01GM125301, H.Y. implemented the SCATS software and led the data analysis with input from M.L. and K.W..
H.Y. and M.L. wrote the paper with feedback from K.W.. The authors declare no competing interests. . origin. Those that originate from the same isoform(s) are grouped together and share the same 2 1 6 exon-inclusion level. Group 1 (blue) and group 2 (green) are informative for alternative splicing, made based on a hierarchical model that accounts for technical noise. identifying splicing heterogeneity across different cell types, while controlling false positive rate. To get informative reads for DAS analysis, we pre-process sorted isoform annotation file in GTF of exon group j: reads mapped to AS exons that are excluded from exon group j (1 ݆ ‫ܯ‬ group j, and ܻ ି denotes excluded informative read counts of exon group j. Fig. 1a shows an Modeling splicing informative UMI and non-UMI counts 2 7 0 SCATS is designed to detect DAS events at exon group level. For the ease of notation, we drop model (Supplementary Fig. 1) . We assume cell-specific true expression level of the For non-UMI count, amplification bias and low capture efficiency in scRNA-seq are quantified by 
where Poisson distribution has been reported to approximate the read sample process well after 2 9 9 zero inflation being removed 19, 20 . 
The joint distribution of cell-specific observed informative read counts and their true expression 3 2 6 levels is 
